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Description 

FIELD OF THE INVENTION 

[0001] ThepresentlnventlonrelatestoamethodforrenKjvingaddicgasesofsulfarandnlfr^^^^ 

oases More specifically the present invention relates to a method for removing acd gases of SO2 and NO,, by con 

KthewSg'lan'emulsionof water in or^^^^ 

the presence of a stream of air or ozonated air. The organic sulfoxide phase can be regenerated aft^ 

toaded with pollutants, by letting the emulsion to settle down and separate into two phases. The aqueous phase ol^ 

^n^^afte* !,e separation contains suMe and nitrate ions which can be collected and used as valuabte chemicals. 
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BACKGROUND 



r00021 Industrially developed countries generate billions of tons of air pollutants, a great part accounts to the com- 

cement plants and petrochemical plants. .,„H:„„arti«.iar<50 and NO 

Among the most troublesome air pollutants emitted into the atmosphere are acd gases and m particular SO2 and NO,. 
These gases are the major cause for add rain, fbr smog and for human discomfort and dtsability. 
sulfur dioxide is released into the atmosphere fremthecombusUon of sulfur contai™ng«,mp^^^^ 
as gas. petroleum, and coal. SO,, is a heavy, colorless gas with a charecteristic. suflbcating odor. 1" 
stoJiy oxidized to sulfuric acid and contributes to acid rain. NO, gases, on the other hand partly °ng'"f 
coZstion of nitregen containing compounds but mostly they originate frem 

S7nitregen present in the air at the elevated temperatures at which various industrial prec^es and oombusbon) 
take placi Therefore, the problem of NO, is even more difTlcult to overcome as it .s a problem .nheren to these 
pr^c^ and generation cannot be avoided. Nitrogen oxides, in addition to their contributor, to acjd ra,n breate 
SovS^lbmiozonLnd reacts with other atmospheric poiiutentstofbm, photochemical smog which .mte^^ 

ToSr^aS^rL^ 

regulations, enforcing standardsformaximumairpollutentsemissionon power planteandindustn^^ 

Sr quality standards for various hazard materials. For example, in the U.S.. the Clean /^r Act of 1967 as amended .n 
?S7ri977 and 1990 is the legal basis for air-pollutioncontrolthroughouttheU.S. The 1990 amendm^^^^ 

TLSput in place r^ulationstoreduce the release of sulfur dioxide from p^^^^ 
year by January 1. 2000. This amount is about one^ialf the emissions of 1990. In 1988. as part of the U" ed N^onj 
s^n2redLonlf^ngeTrensbounda,y Air Pollution Agreement. theUnited States, along w.th24oth^^ 

35 a protocol freezing the rate of nitrogen oxides emissions at 1987 levels. „„«,„h« fnr contmllina and 

[0004] The need to obey these regulations has led to the development of diversified methods for ~"2'J"9 ^ 
Sdudng the emission of air pollutants. In general, these methods indude removing the hazartous matenal before rt 
ST e^mple. using ic^ntent sulfur coal) or removing the ^^^^^ 
(e.g.. NO,) only methods of the second class can be employed. 
40 [0005] The present invention relates to methods of the second dass. ♦,^o„A*»h»nTrf.ilfl9Bas 
OOOq IndusWaliyemittedpollutantgasescanbeentreppedbyliquidsorsolidstrapsthatadsortJthet^ 
b^re they are released into the atmosphere. These traps are usually in the fom, of tower tanks ^n^ctore flirough 
wwSTthe waste gas is passed upward while the liquid, or a slurry, i.e. a mbcture of liquids and sohds. is descending 
reward. The agent wLh absort)s the pollutants and prevent their emitting into the atmosphere is ca^^ed ^hef^^ 
bing agent When thisagentisallquld.it is sometimesthepracficetofillthetowerwithinertpart^^^^ 

the contact surface between the scrubbing agent and the waste gas and to increase the °^ ^J^^,^ 

inside the reactor. In sudi cases it is also the pradice to circulate the liquid scrubbing agent through the reador until 

ng li?uld. sud, as a calcium-based sluny or a sodium-based or ammonia-based so udon. ^hese Pro^s howler 
are not suitable for the removal of nitrogen oxides. The currently used methods for the removal of NO from flue gas 
are mainly of the king that is based on the readion of NO and NO, with ammonia, with or without a catalyst fonn ng 
nlge and water, ^ese methods are effedive only within a nam«. fiue gas t«nperature range, are relatvefy h,^^^ 
costandinvoK^e the riskofammonialeakagetothe atmosphere, inthepresenceofcatab^ttheprocess^^^^^ 
Tut ite cost is even higherandthecatalysttendstobe poisoned, many casethese methods requ.reaspec.al equipment 

Jo'S^XatenTNTi'^^^^^^^^ d^doses a process for removing traces of hydrogen su.de (H,S) ocintain^in 
gases The process consists of passing the hydrogen sulfide<»nteining gas through a liquid phase cons.st.ng essen- 
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tially of iodine dissolved in an organic solvent US patent No. 3,784.478 teaches a process for removal of nitrogen 

oxides from the gaseous effluents of combustion processes utilizing gas-liquid at)sorption. 

[0009] Russian patent No. 2099789 describes a process for removing sulphur dioxide from gasses by absorption 

5 ro?i01 '"'■nieTrocesses described in US patent No. 3.6707.004, 3.784.478 and Russian patent No. 2099789 are dis- 
advantageous since by these processes only one gas (NOi, or SO2 or H2O) can be removed from waste gases. 
[001 1] Therefore a great effort is put into developing new NO, control methods which will remove simultaneously 
NO, and SO, from combustion flue gas. For example. US4.418.044 teachesascrubbing agent consisting of asolution 
of Fe(ll) ions and thiosulfate in a miscible mixture of water and alcohol. US 4.885.146 teaches a similar scrubbing 

to agent consisting of Fe(ll) ions but in non-aqueous solvent (only up to 10%water). According to US 4.885,146 the 
scrubbing agent can be regenerated for reuse. « • . • 

[0012] The cost of pollution reduction processes and equipment is. however, still very high and therefore intensive 
efforts are put into research in order to increase the eflfciency of known processes and in order to find new more 
efficient and less energy consuming methods. These efforts concentrate on the following points: simplicity of process 

15 (i e involve low-cost equipment), the use of low-cost materials and the recycling of these materials, universality of 
proMss. I.e.. removing as many pollutants as possible by the same process. Other, no less important, efforts are 
dedicated to finding processes In which the end products, not only are harmful, but can also be collected and be sold 
as useful materials (i.e.. converting the hamiful air pollutants Into valuable materials) so that at least part of the invest- 
ment will be earned bacl<. 

20 [00131 Therefore there is still a need for developing simple, more efficient and relatively low-cost, methods for air 
pollution control, especially methods which will clean fuel gases from both SOj and NO, simultaneously In one process 

and with the same equipment. 

[0014] it is the aim of the present invention to provide a method for removing aad gases of SOj and NO,, simuita- 

25 (OOiq^ Yet it is another aim of the present invention to provide such a method which involves low-cost materials and 

(OOiq'^'tt is yet another aim of the present Inventton to provide such a method in which the scrubbing material is 
regenerated easily for farther use. . 
[001 7] It is another aim of the present invention to provide such a method which will also results in conversing the 
30 SO2 and NOx into useful materials with commercial value. 

SUMMARY OF THE INVENTION 

[001 8] The present invention relates to a method for removing acidic gases of SO2 and NO,, from waste gases by 
35 contacting the waste gas with an emulsion of water-in- organic sulfoxides. The waste gas can be any waste gas con- 
taining said acidic gases, such as combustion flue gas and waste gases generated in various chemical processes. 
The organic sulfoxides are preferably oi Werived sulfoxides and in particular sulfoxides derived from diesel. The weight 
ratio of the water, oiganic sulfoxide in the emulsion Is In the range 10:90 to 90: 10, preferably In the range 10:90 to 50:50. 
[001 9] The process of the present invention is earned out in an oxidation environment Therefore if the waste gas 
40 mixture does not contain enough oxygen, an additional stream of air enriched with ozone (ozonated air) is added to 

the waste gas. . 
[0020] The scrubbing agent can be regenerated after it is loaded, by letting said scrubbing agent to separate into 
two phases, collecting the upper sulfoxide phase and adding to said sulfoxide phase a fresh amount of aqueous solution 
The aqueous phase which is obtained after the separation of phases contains nitric and/or sulfuric acids and can be 

45 collected to be used as useful acid solutions or ammonium Ions can be added acidic solution until neutralization occurs 
to obtain a solution of ammonium nitrate and/or ammonium sulfate salte useful as a fertilizer. 
[0021] in another embodiment of the present invention the aqueous phase of the scrubbing agent is an aqueous 
solution of ammonium having pH equals or lower than 6 and after the separation of the emulsion the aqueous phase 
Is a solution of ammonium nitrate and/or ammonium sulfate salts useful as a fertilizer. The source for the ammonium 

50 ions can be ammonia or ammonium cartronates (and bicart)onates) and ammonium cart)amate. . 

[0022] According to the present Invention, contacting the waste gas with the scrubbing agent can be conducted in 
a tower embedded with inert particles, wherein the waste gas is passed upward through the tower and the emulsion 
is circulated downward in a rate which ensures complete wetting of inert particles or can be conducted in a tower 
through which the waste gas is passed in an upward direction and ttie emulsion is sprayed Into the tower from the 

55 upper opening of the tower forming a fog of said emulsion inside the tower. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0023] The main problem of entrapping acid gases In aqueous solutions is the Instability of the intemiedlate species 
formed upon the dissolution of the acidic gases in water (e.g.. HNO2, H2SO3). before they are oxidized into stable 
5 species. The instability results in the decomposition of the species and the releasing of the noxious gases from the 
solution. The present invention overcomes this problem by introducing an agent which binds the unstable species and 
fomis a stable complex. Upon oxidation, a stable ion Is fomned and the complex decomposes, leaving the agent mol- 
ecules free to bind to new dissolved pollutant molecules. 

[0024] According to the present Invention, this stabilizing agents are organic sulfoxides. Organic sulfoxides are known 
10 for their acid extraction properties. Of special interest are oil derived sulfoxides that are obtained by the oxidation of 
organic sulfides contained In oil. By oxidizing and extracting different fractions of oil, a mixture of sulfoxides is obtained, 
having molecular weight and boiling temperature according to the oil fraction from which they are derived. The diesel 
fraction (boiling temperature 190-36a»C ) is in particular a good source for oil-derived-sulfoxldes. since this fraction Is 
relatively rich in sulfur and the sulfoxide mixture so obtained is a liquid of low-cost. 
15 [0025] Sulfoxides form a complex with the unstable dissolved acidic gases thus stabilizing these species and pre- 
venting their decomposition as explained in the following. 

a. NO^ entrapping 

20 [0026] The total concentration of NO, produced in combustion processes is typically 200 - 1 000 ppm. most of it In 
the form of nitric oxide (NO) and about 5% as nitrogen dioxide (NO2). 

[0027] NO is a relatively inert gas. It does not dissolve in water and fomis no chemical compound with water or with 
alkalis, therefore it cannot be absort)ed by basic aqueous solutions. In order for NO to be absort)ed by aqueous solu- 
tions, It needs to be oxidized first by oxygen or by ozone: 
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(1) 2NO + Oa^2N02 



(2) NO + Cb^NOa + Oj 

[0028] When both NO and NOj present In the gas mixture they react to give: 

(3) NO + NOj^NaCb 

[0029] The interaction of NO and NO2 with water occurs according to the following possible reaction routes: 

(4) 2N02 + H20^HNOa + HN03 



(5) 3HN02^=?HNO3 + 2NO + H20 



(6) 3NQ2 + H2O ^ 2HNO3 + NO 



and 
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(7) N203+H20^:;?2HN02 
(g) 3HNQ2^HN03+2NO+H20 



(9) 3N2O3 + H2O ^ 2HNO3 + 4N0 



[0030] It is obvious from reactions (4-9) that in all cases, upon interaction of NO2 (or NO and NO2) with water. HNOj 
is formed and decomposed to give NO. ^Ktrxt^ 
IS [0031] The present invention provides a way to avoid the decomposition of nitrous acid and the reiease of NO from 
the solution, by using organic sulfoxides, having the structure: 



R 
I 

O-S; 
R 



[0032] The free electron pair on the sulfuratom fomw a bond with HNO2 (J. Applied Chemistry, vol 4, 1986. 900-903): 

R OH 

I i 
O-S: :N 

R O 

35 [0033] Thus, the sulfoxide binds the HNOj and its decomposition is prevented, In the presence of oxidant, the bound 
nitrous acid is oxidized to nitric add and loses its capability to bind to the sulfoxide. HNO3. whose water solubility is 
very high, moves into the aqueous phase and the sulfoxide molecules can adsorb another molecule of nitrous acid. 



b. SOo entrapping 

[0034] The combustion of coal, oil and other sulfur containing fuels produces a flue gas in which 98-99% of the sulfur 
is In the fomi of sulfur dioxide (SO2) and 1-2% is sulfur trioxlde (SO3). For low and high sulfur coals the total concen- 
tration of SO^ is usually in the range of 1 .000-4.000 ppm. SO2 dissolved In water forms sulfurous acid : 

(10) S02+H2Oi=f HaSOi 

[0035] Sulfurous acid is unstable, It exists only In aqueous solutions and as the temperature increase the equilibrium 
of reaction (10) shifts to the left and SO2 is released. The solubility of SOj in water is 9.61% at 20X and decreases 
50 with temperature. At 80°C its solubility is only 2.98%. 

[0036] In the presence of oxidants, sulfurous add oxidized gradually to sulfuric add. In the presence of ozone the 
SO2 dissolved according to the following: 



(11) 2S02+03 + H20^ H2S2O6 + O2 

and the dithionic add is decomposed according to: 



5 



EP 1 225 967 B1 



(12) H2S2O6 ^ SQi + H2SO4 

5 [0037] In the presence of NO, in water. 

(13) H2SO3+NO2 ^ H2SO4+NO 

to [0038] And the formed NO is oxidized again to NO2 and reaction (13) is repeated. Thus. NO arts as a catalyst, 
accelerating the oxidation of SO2. ... , 40 m o 

[0039] In the presence of sulfoxides. SO2 fomis a complex with the sulfoxide group. (Nieftiechimija vol. 1 8. No. 2 p. 
325-327). Infra-red studies show that a 1:1 complex of sulfoxide with SO2 Is formed through coordination bond of the 
oxygen of the SO group with the free electron pair on the sulfur atom of the sulfur dioxide. 



t5 



20 



:0: <D: 



[00401 Thus, using sulfoxides, simplifies and enhances the removing of sulfur dioxide from waste gases. Our studies 
show that in the presence of oil sulfoxide and water. SO2 absorption is enhanced and the decomposition of H2SO3 to 
25 release SO2 according to reaction 1 0 does not occur. 
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EXAMPLES 



[0041] The following experiments demonstrate and dariftr the present invention and do not Intend to limit the scope 
30 of the invention by any way. 

Example 1 

[00421 A glass column of 400 mm height and 30 mm diameter was heated by an outer electric heater to 8(y:C. The 
35 glass column was filled with glass rings of 4mm height and 4 mm diameter and with 100 g emulsion of waterindiesel 
derived sulfoxides comprising of 30 g water in 70 g sulfoxides. u * 

[0043] A stream of air containing 1.9% (mass percent) NO2 was bubbled continuously through the bottom of the 
column at a rate of 0.29 l/min for 42 hours continuously. About 75-90% of NO2 was consumed. 
[0044] After 42 hours, the liquid in the column was collected and separated into two phases. The concentration of 
40 nitric acid in the aqueous phase was 20.3 wt.%. 

10045] The amount of nitrous and nitric add in the sulfoxide phase was detennined by potentiometnc titration in non- 
water medium and was found to be 21% of the total add. In order to destroy the nitrous add - sulfoxide complex, water 
were added to the organic phase and oxygen was bubbled Into the liquid in order to oxidize all nitrous acid molecules. 



converting them into nitric Ions which pass to the aqueous phase. . , ♦ a 

(00461 The sulfoxide phase obtained after the phase separation was combined with a fresh amount of water arid 
reused as a scrubbing agent. After a large number of recyding the scrubbing agent by this procedure, no reduction in 
its absorption power was observed. 

[0047] This experiment demonstrates that at concentration of more than 20% of nitric add in the aqueous component 
of the emulsion, the scrubbing agent of the present invention still has capability of absorbing more pollutants. 

Example 2 

[0048] SO, absorption was conducted underthe same conditions as In Experiment 1. SO2 concentration in the input 
gas was 2000 ppm. The process was carried out for 42 hours during which more than 90% of SO2 were absorbed 
55 without obsen/ing loss of absorption capability. The aqueous phase obtained at the end of the process contained only 
sulfuric add. No sulfite ions (SO^) were detected. 
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Example 3 

[0049] NO2 and SO2 absorbtion was conducted simultaneously with the same reactor and emulsion composition as 
in Example 1 but at temperature of 20-25°C. 
5 fOOfiOl The concentration of NO7 was 1 000 ppm and that of SO2 800 ppm. 

Sfe^c^ wlsSm^ out the for 8 hours continuously and during this time no reduction in the absorption ^pab.Jty 
oTmeT^bing agent was observed. The average concentrations of N02 and S02 at the output were less < 1 0 ppm 

[o"o5l/ TeTq^SSllShase obtained after collecting and separating the emulsion contained a mixture of nitric and 
10 sulfuric acids. 

Example 4 

[00521 A stream of 1% NO diluted in N2 (0.188 l/min) was combined with a stream of pure nitrogen (1.69 "mj") 
a stream of ozonated air (2.2 l/min) and the gas mixture was passed through a two-section column reactor of 0.04 m 
diaIIS2J. Ea^ section has a perforated disk on which a packed glass rings of 6 mm diameter and 6 mm height were 
Diaced The height of the paclced glass rings in each section was 0.38 m. • ^ 

SoS" T^e gas mixture was paied upward threugh the bottom of the reactor and the scabbing agent. o.l-denved 
sulfojdde water = 70:30 ( weight ratio) was supplied dropwise into the column from its upper opening obtaining complete 
and uniform wetting of the glass rings by the liquid. The scrubbing agent was circulated through the reactor 
[0054] The residence time of the gas in the reactor was 12 s. 
r0055l The process was canied out for 29 houre. • 
S TheSzonewassuppliedintothereactoratareteof0.2gm.previding40%ofthemol^^^^ 

complete oxidation of NO into NOj. The oxidation took place In the reactor simultaneously with the absorption of NO^ 

pwS'XiSi^nSttonsofNOandofNOjweremeasured 

of the reactor. 

[0058] The average input concentrations were: 600 ppm NO and 20 ppm NO2 
The average output concentrations were: 7.2 ppm NO and 1 ppm NO2 
30 [0059] The average absorption of NO was 88% and of NO2 95% „ ob„ m ini/h x 29 h- 3277 

0060] The calculated amount of NO passing through the reactor dunng 29 hours is 4.38 g (0 113 Ifti x 29 ^ " 3-27J 
1 = (30 g/mole x 3.277 iy(22.4 I/mole)). Since only 88% of NO was absorbed, the catoulated a^^o""* that 
should have been fbmied in the aqueous phase is 7.6 g. The experimental result was 7.42 g. i.e.. 97.6% yield. 

35 Examples 

[00611 Tlie removal of NO from the waste gas produced in a nitric acid production process was carried out in a glass 
Lctorof9.09 cm diameter. The reactor oflmheighthadaperfbrated plate at its bottom on which a^^^^^ 

diameter and 9 mm height glass rings had been placed. The packing layer volume "^^^^J^V^^^ was 
40 [0062] The waste gas from the chemical process was supplied to the reactor at a rate of 9.7 l/min. CJonated «r w^ 
supplied to the reactor at a rate of 5 l/min by an ozonator with an output of O.ISg ozone per hour, providing 40.5% of 

the stoichiometric amount required for full oxidation of NO into NOj. 

[0063] The absortjent (oil sulfoxWe : water- 70 :30) was dosed Into the reactor from its upper opening at a rate of 

of 1530 ml/h. 

45 [0064] The residence time of the gas inside the reactor was 9.4s. , ,»«,o„,rfnMtAf 

(006^ The concentrattons of NO and of NOj. measured by an automatic analyzer at the Input and at the output of 

the reactor were as follows: 

average input concentrations: NO = 300 ppm, NO2 = 60 ppm 
average output concentrations: NO = 40 ppm, NO2 = 2 ppm 
50 NO absorption 87%, NOT absdorption 96%. detected at 

[0066] Under the same conditions, but without ozone supply. 187 ppm of NO and 4 ppm of NO2 were detected at 
the output i.e.. the NO absorption was 37.7% and the NOj absorption was 92%. 



55 



Example 6 



[00671 In order to receive a complex fertilizing - ammonium nitrate and ammonium sulfate mixture, the aqueous 
phase received afterone of the tests was separated from theorganicphase{oil^ 
solution of ammonium according to the following procedure: 
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10.2 g of NH4OH solution with 1 3% NH3 concentration were added on agitation to 30.0 g aqueous Ptl^se whi^«^ 
tained 6.0% of HNO3 and 6.0 g of H^SO^. After neutralization, the pH of the solution was equal » 6-5^^e ^btenned 
Sn was boiled at 100 -C and the obtained mixture was dried out at 150-C degrees, obtaining 4.46 g of salts 
mixture The analysis of the salts mixture gived the following composition: 
2.1 g of NH4NO3 (92% of theoretical yield) and 2.36g of (NH4)2S04 (97.5% of theoretical yield). 

Claims 

1 Amethodfbrsimultaneouslyremovingacidicgasesofsulfurandnitrogenoxidesfromwastegasbefbrert 
* to the atmosphere by contacting said waste gas with a scmbbing agent comprising an emulsion of water in organic 
sulfoxides in the presence of a stream of air or of ozonated air. 

2. A method according to claim 1 wherein the waste gas is a combustion flue gas. 

3. A method according to claim 1 wherein the waste gas is a gas mixture released finom a chemical process. 

4. A method according to claim 1 wherein the organic sulfoxides are oil derived sulfoxides. 

5. A method according to claim 4 wherein the oil derived sulfoxides are derived from the diesel fracUon of oH. 

6. A method according to claim 1 wherein the weight ratio of water organic sulfoxide in the emulsion is in the range 
10:90 to 90: 10, preferably in the range 10:90 to 50:50. 

7 Amethodaccordingtodaimlwhereinthescrubbingagentisregeneratedafteritisloadedbylettlng^^ 

agenttoseparateintotwophases.collec«ngtheuppersulfoxidephaseandaddingtosaidsulfoxidephaseafr^h 

amount of aqueous solution. 

8. A method accorxling to claim 7 wherein the aqueous phase obtained after the separation of phases contains nitric 

and/or sulfuric adds and is collected to be used as useful acid solutions. 
9 Amethodaccordingtodaimawhereinammoniumsaltsareaddedtotheacidsolutlonobtainedaftertheseparation 

of phases to obtain a solution of ammonium nitrate and/or ammonium sulfate useful as a fertilizer. 

10. A method for deaning fuel gas from add gases according to claim 1 wherein the aqueous phase o^^e emulsion 
further contains ammonium ions and wherein the sdutlon of ammonium nitrate and/or ammonium sulfate obtained 
after separation of the emulsion is collected to be used as a fertilizing solution. 

11. Amethod according to daim9or10wherein the source fortheammonium ions isselected from the group consisting 
of ammonia, ammonium carbonates and ammonium carbamate. 

12. Amethod accorting to clalmlwherein contacting the waste gas with said scrubbing ag^^^^^ 

embedded with inert partides and wherein the waste gas is passed upward through the tower and the emulsion 
is drculated downward in a rate which ensures complete wetting of inert partides. 

13. A method according to daim 1 wherein contading the waste gas with said scrubbing agent is conducted In a tower 
through whidi the waste gas is passed In an upward diredion and the emulsion is sprayed into the tower from the 
upper opening of the tower fonning a fog of said emulsion inside the tower. 

Patentansprflche 

1. Verfahren zum gleidnzeiUgen Entfemen von sauren Sdiwefel- und Stidcstoffoxidgasen aus Abgas. "ever die^s 
an die Atmosphare abgegeben wird. indem das Abgas mit einem Gaswaschmittel. das ane f^y^l'^J^^ 
in oiganischen Sulfoxiden umfasst. in Gegenwart eines Luflstroms oder eines ozonisiertem Luflstroms kontaKdert 
wird. 

2. Verfahren gemaB Anspruch 1 . wobei das Abgas ein Verbrennungsabgas ist 
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3. Verfahren gemSB Anspruch 1 . vrobei das Abgas eine Gasmischung ist. die bei einem chemischen Verfahren frei 
wird. 

4. Verfahren gemiB Anspruch 1 . wobei die organischen Sulfoxide von Ol abgeleitete Sulfoxide sind. 

5. Verfahren gemiB Anspruch 4, wobei die 6labgeleiteten Sulfoxide aus der DieselolfraWion stammen. 

6. Verfahren gemaB Anspruch 1 . wobei das GewtchtsverhSltnis von Wasserorganlschem SuHbxid in der Emulsion 
im Bereich von 10:90 bis 90:10. vorzugsweise in dem Bereich 10:90 bis 50:50 liegt 

7 Verfahren gemiB Anspruch 1 . wobei das Gaswaschmittel. nachdem es beladen worden Ist. regeneriert wird, indem 
das Gaswaschmittel In rwei Phasen aufgetrennt wird. die obere Sulfoxidphase gesammelt wird und zu dieser 
Sulfoxidphase eine fHsche Menge einer wissrigen LSsung hinzugegeben wird. 

8 Verfahren gemaB Anspruch 7. wobei die wassrige Phase, die nach der Phasentrennung erhalten winJ. Salpeter- 
und/oder Schwefelsiuren enthilt und gesammelt wird. urn als geelgnete saure Ldsungen venwendet zu werden. 

9. Verfahren gemaB Anspruch 8, wobei zu der sauren LSsung. die nach der Phasentrennung erhalten wird. Ammo- 
niumsaize zugegeben werden. urn eine LSsung von Ammoniumnitrat und/oder Ammoniumsulfat. die als Dunge- 
mittel geeignetsind, zu erhalten. 

10. Verfahren zum Reinigen von Verbrennungsabgasen von sauren Gasen gemaB Anspruch 1. wobei die wassrige 
Phase der Emulsion femer Ammonlumionen enthilt und wobei die Ammoniumnitrat- und/oder Ammoniurnsulfat- 
losung. die nach der Abtrennung der Emulsion erhalten wird, gesammelt wW. um als eine Dungemittellosung 
venvendet zu werden. 

1 1 . Verfahren gemaB Anspmch 9 Oder 10. wobei die Quelle fur die Ammoniumionen ausgewahit ist aus der Gruppe, 
die besteht aus Ammonlalc, Ammoniumcarbonaten hatten und Ammoniumcarbamat 

12 Verfahren gemaB Anspruch 1 , wobei das Kontektieren des Abgases mit dem Gaswaschmittel In einemTumi durch- 
' gefOhrt wird, in dem Inertpartlkel eingebettet sind, und wobei das Abgas von unten nach oben dui^h den Tumi 

geleitet wird und die Emulsion nach unten in einer Geschwindigkeit ziri^uliert wird. die das komplette Benetzen der 
Inertpartlkel emidglicht. 

1 3 Verfahren gemaB Anspmch 1 . wobei das Kontektieren des Abgases mit dem Gaswaschmittel in einem Tunndurch- 
* gefOhrt wird. durch den das Abgas von unten nach oben geleitet wird und die Emulsion von der oberen Olfnung 

des Turms in den Turm gesprOht wirt, wobei in dem Tumi ein Nebel aus der Emulsion gebildet wird. 

Revendicatlons 

1 Proced§ pour riliminatlon simultenee de gaz addes de soufre et tfoxydes tfazote a parBr de gaz residuaires avant 
leur emission dans ratmosphere par mise en contact desdits gaz rteidualres avec un agent de nettoyage com- 
prenant une dmulsion d'eau dans des sulfoxydes oiganiques en presence d'un oourant d'air ou d air ozonise. 

2. Proc6d6 selon la revendicatlon 1 . dans lequel le gaz rtelduaire est un gaz de combustion. 

3. Precede selon la revendicatlon 1 . dans lequel le gaz rdsiduaire est un melange de gaz dmanant d'un processus 
chimique. 

4. PfOc6d6 selon la rwendicatlon 1 . dans lequel les sulfoxydes organiques sont des sulfoxydes d6riv6s du p6trole. 

5. Precede selon la revendicatlon 4. dans lequel les sulfoxydes d6riv6s du p6trole sont d6rhrte de la partie diesel du 
pdtrole. 

6. Proc§d6 selon la revendlcation 1. dans lequel le rapport de polds eau/suHbxyde organique dans l'6mulsion est de 
I'ordre de 10/90 i 90/10. de prdfference de I'ordre de 10/90 a 50/50. 
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7 Procede selon ta revendication 1 . dans lequel Tagent de nettoyage est regenere apres avoir ete charge, en laissant 
ledit agent de nettoyage se separer en deux phases, en recoltant la phase sulfoxyde superieure et en ajoutant a 
ladite phase sulfoxyde une nouvelle quantite de solution aqueuse. 

8. Procede selon la revendication 7. dans lequel la phase aqueuse obtenue apres la separation de phases contient 
des acides nitriques et/ou sulfuriques et est r6coltee pour etre utillsee comme solution acide utile. 

9. Proc6de selon la revendication 8. dans lequel des sels tfammonlum sent ajoutes a la solution acide obtenue aprfes 
la separation de phases pour obtenir une solution de nitrate d'ammonlum et/ou de sulfate d'ammonium utile comme 
fertilisant. 

1 0. Proced6 pour nettoyer le gaz combustible de ses gaz acides selon la revendication 1 , dans lequel la phase aqueuse 
de remulsion contient en outre des ions tfammonium et dans lequel la solution de nitrate tf ammonium et/ou de 
sulfate d'ammonium obtenue apr§s la separation de Pemulsion est recoltee pour etre utillsee comme une solution 
fertilisante. 

11. Procede selon la revendication 9 ou 10, dans lequel la source d'ions d'ammonium est choisie a partir du groupe 
compose d'ammonlac, de carbonates d'ammonium et de carbamate d'ammonium. 

12. Procede selon ta revendication 1. dans lequel la mise en contact du gaz residuaire avec ledit agent de nettoyage 
est effectuee dans une tour contenant des particules inertes et dans lequel le gaz residuaire est envoye vers le 
haut par la tour et on fait drculer I'emulsion vers le bas a une vitesse qui assure Thumidlfication complete des 
particules inertes. 

13. Procede selon la revendication 1 . dans lequel la mise en contact du gaz residuaire avec ledit agent de nettoyage 
est effectuee dans une tour dans laquelle le gaz residuaire est envoye vers le haut et I'emulsion est pulvensee 
dans la tour par I'ouverture superieure de la tour, formant une buee de ladite emulsion d rinterieur de ta tour. 
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